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(57) ABSTRACT 

A method for sorting hard metal including the steps of Sub 
jecting one or more bodies of hard metal to a heat treatment at 
a temperature of 500° C. or higher in an atmosphere including 
at least one reactive gas component prone to form a reaction 
product with an element that may or may not be present in the 
one or more bodies. A sorting operation of the one or more 
bodies is performed based on a presence or absence of the 
reaction product in a surface portion of the heat treated one or 
more bodies. 

15 Claims, No Drawings 

  



metal. 

including cutting tools, mining tools and wear parts. 

carbide bodies making use of the driving force for re-distri 
bution of a binder metal melt between hard metal bodies, in 
contact with or close to each other, having different mean 
grain size, grain size distribution, relative proportions and 
compositions of the hard constituent phases. There is how 
ever still a need to sort hard metal bodies with regards to the 
presence or absence of different elements in the hard metal. 

invention comprises the steps: 
(a) Subjecting one or more bodies comprising hard metal to a 
heat treatment, at a temperature of 500° C. or higher, in an 
atmosphere comprising at least one reactive gas component 
prone to form a reaction product with an element that may or 
may not be present in the one or more bodies, and 
(b) performing a sorting operation of the one or more bodies 
based on a presence or absence of the reaction product in a 
surface portion of the heat treated one or more bodies. 
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METHOD FOR HANDLING HARD METAL 

RELATED APPLICATION DATA 

This application is a S371 National Stage Application of 5 
PCT International Application No. PCT/EP2012/061279 
filed Jun. 14, 2012 claiming priority of EP Application No. 
11170382.3 filed Jun. 17, 2011. 
The present invention relates to a method for sorting hard 
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BACKGROUND OF THE INVENTION 

Hard metal is widely used in a broad application range 
15 

Hard metal products, such as cemented carbides and cer 
mets, contain relatively expensive elements, and there is a 
strong need to recover Scrap by recycling spent and unused 
hard metal products, both for environmental and cost reasons. 
There are several processes currently used to recycle hard 
metal products including, e.g., the Zinc process and the cold 
stream process. 

However, the hard metal often contains elements that make 
the recycled material unsuitable as raw material base for the 
manufacture of certain hard metal grades. Such elements may 
be for example titanium, tantalum and chromium. These ele 
ments are commonly used as property enhancing additions in 
a variety of cemented carbide grades. These elements are, 
however, for other grades unwanted or even detrimental to the 
properties. There exist methods for purifying the raw mate 
rial, mostly of chemical nature, but these are time-consuming 
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and costly, and often involve environmentally unfriendly pro 
cess steps or chemicals. 
EP 233 162 discloses a method for separating cemented 
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THE INVENTION 

It is an object of the present invention to reduce or eliminate 45 
the above mentioned problem. This object is achieved accord 
ing to the invention by a method for sorting hard metal 
according to claim 1. 
A method for Sorting hard metal according the present 
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DETAILED EMBODIMENTS OF THE 
INVENTION 

60 

It has been found that the presence of a specific element in 
a sintered hard metal body can be detected by subjecting the 
sintered hard metal body to a suitable gaseous atmosphere at 
an elevated temperature. Under the appropriate conditions, 
the presence of the element in the body results in a reaction 
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2 
product being formed, wherein the reaction product com 
prises the specific element comprised in the hard metal and an 
element from the gaseous atmosphere. The reaction product 
may also include further elements from the hard metal and/or 
from the gaseous atmosphere. The formed reaction product, 
formed in the surface portion of the hard metal, affects the 
hard metal Such that a Subsequent sorting operation can be 
based on the character of the affected part of the hard metal. 
The absence of any formed reaction product during the treat 
ment at elevated temperature may in a similar manor be used 
for determining the absence of a specific element in the hard 
metal and thus allowing for a Subsequent sorting operation of 
such a body or bodies. 

In this context a surface portion may not only include the 
outermost, visible surface, but can extend to a depth of 50 um 
of more. The affected part may have a thickness of less than 1 
um up to several tenth of lum. Suitably the thickness of the 
affected part is at least 0.5 um, but less than 50 m. The 
affected part may further not necessarily include the outer 
most surface, but may instead be entirely located below the 
outermost Surface, i.e., in a non-visible part of the Surface 
portion. For reasons of detection and characterisation of the 
formed reaction product it is preferred that the surface portion 
extends to a depth of no more than 100 um and thus the 
affected part is suitably at least partly located within this 
portion. 
The present invention thus relates to a method of sorting 

hard metal characterised by comprising the steps: 
(a) Subjecting one or more bodies comprising sintered hard 
metal to a heat treatment in an atmosphere comprising at least 
one reactive gas component prone to form a reaction product 
with an element that may or may not be present in the one or 
more bodies, at a temperature of 500° C. or higher, and 
Subsequently 
(b) performing a sorting operation based on the character or 
appearance of a surface portion of the one or more bodies. 

In one embodiment the at least one reactive gas component 
comprises oxygen. The oxygen can be added in the form of 
e.g. O., H2O, CO, and/or CO. A reactive gas component 
comprising oxygen may suitably be used for detecting e.g. Cr 
in the hard metal, the reaction product thus having a compo 
sition comprising chromium and oxygen. 

In another embodiment the at least one reactive gas com 
ponent comprises nitrogen Suitably added as nitrogen gas, N. 
or ammonia. The use of a reactive gas component comprising 
nitrogen is useful for detecting e.g. Ti in the hard metal, the 
reaction product thus comprising titanium and nitrogen. 

In the above embodiments reactive gas components com 
prising oxygen and nitrogen are mentioned as Suitable reac 
tive gas components. However, other reactive gas compo 
nents may be used which form detectable reaction products 
with one or more elements in the hard metal. Other elements 
in the hard metal that may suitably form a reaction product are 
e.g. Ta, Nb or Mo. Tests have shown that a reaction product in 
Sufficient amount for Subsequent sorting form even if the 
element is present in Small quantities in the hard metal. For 
instance, under the appropriate heat treatment conditions it is 
possible to form a Sufficient amount of reaction product even 
if the quantity of the element in the hard metal is as Small as 
0.4 weight-%. 
The temperature used in the heat treating step is chosen to 

give a reaction product of Sufficient amount within an accept 
able time, whilst at the same time avoiding possible detrimen 
tal effects on the hard metal. Suitably the temperature is at 
least 500° C. In order to increase the reaction rate the tem 
perature is alternatively at least 900° C. In yet another alter 
native the temperature is at least 1200°C., preferably at least 
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1300° C. The heat treatment is suitably performed at a tem 
perature of less than 2000° C. In order to avoid unwanted 
reactions, such as e.g. carburization reactions, and/or for eco 
nomical reasons the heat treatment temperature is Suitably 
less than 1800° C., preferably less than 1700° C. 
As is the case regarding the temperature, the time is also 

chosen to achieve a sufficient amount of reaction product 
without causing a negative effect on the hard metal. The time 
is suitably conducted for a time of at least 30 minutes. The 
time may however be as long as 16 hours, for instance if a low 
temperature must be chosen to avoid unwanted reaction prod 
ucts being formed or to avoid excessive grain growth to occur. 
In other cases grain growth is not a problem or may even be 
preferable, thus allowing for long heat treatment times in 
combination with a high temperature. 

Another means for adapting the heat treatment is by choos 
ing an appropriate partial pressure of the reactive gas orgases. 
The appropriate partial pressures of the reactive gas or gases 
are suitably determined using thermodynamic calculations as 
know in the art. A partial pressure of the at least one reactive 
gas component in the gas may suitably be 10 mbar or higher. 
The pressure may however be substantially higher, generally 
allowing for a shorter heat treatment time. However, in gen 
eral a partial pressure of the reactive gas component of about 
atmospheric pressure or less is sufficient to form a reaction 
product within a reasonable time. A lower partial pressure of 
the reactive gas component may be chosen to avoid unwanted 
reactions, which may be desirable if several different (spe 
cific) elements are present in the hard metal. The lower pres 
sure may thus be sufficient to achieve a reaction with one of 
these elements in the hard metal, but at the same time too low 
to result in a reaction with another of these elements. Choos 
ing an appropriate temperature may have a similar effect. 

Thus, by using e.g. thermodynamic calculations the heat 
treatment may be Suitably designed, with respect to e.g. the 
pressure of the one or more reactive gases as well as any inert 
gas present in the atmosphere and the temperature, to detect 
specific elements in the hard metal, if present, to allow for a 
Subsequent sorting operation. 

Temperature, time and gas pressure(s) may thus be chosen 
within broad ranges. It is within the purview of the skilled 
artisan to choose an appropriate set of parameters and to 
verify that the desired result is achieved. 
The method is generally applied on used or unused hard 

metal scrap thus the one or more bodies are, before the heat 
treating step (a), Suitably heated from a temperature of below 
200° C. up to the heat treatment temperature. 
The method according to the invention is suitably applied 

on hard metal which is WC-based, i.e. the main hard constitu 
ents being tungsten carbide in a binder of an iron group metal, 
Co, Ni and/or Fe, suitably mainly Co. The hard metal may 
additionally contain other hard constituents such as carbides 
or nitrides or mixtures thereof comprising one or more of Ti, 
Ta and Nb. Other alloying elements may also be present in the 
hard metal such as e.g. Cr, Mo and/or Mn. 

The method is suitably applied on hard metal bodies 
wherein the element optionally present in the one or more 
bodies is chromium. Under appropriate heat treatment con 
ditions the presence of chromium in the hard metal results in 
a detectable reaction product. For example the reactive gas 
component may be oxygen thus forming a reaction product 
comprising chromium and oxygen. The reaction may for 
instance be formed as an outermost part of the Surface por 
tion, typically appearing as a blackish Surface colour, useful 
for visually inspecting the heat treated hard metal body or 
bodies and Sorting of the same. A Suitable temperature range 
for the heat treatment is between 950 and 1100° C. and the 
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4 
time suitably less than 10 hours. The partial pressure of oxy 
gen containing gas, e.g. CO, CO., etc., in the furnace atmo 
sphere may e.g. be chosen from the range 10 to 800 mbar. It 
is within the purview of the skilled artisan to determine a 
Suitable combination of time, temperature and partial pres 
Sure of the at least one reactive gas component and any other 
gases present in the atmosphere for the heat treatment step, 
for example by simple trial tests with reference bodies of 
know composition or by thermodynamic calculations. 
The method is suitably also used for sorting hard metal 

bodies wherein the element optionally present in the one or 
more bodies is titanium. Under appropriate heat treatment 
conditions the presence oftitanium in the hard metal results in 
a detectable reaction product. For example the reactive gas 
component may be nitrogen thus forming a reaction product 
comprising titanium and nitrogen. The reaction may for 
instance be formed as an outermost part of the Surface por 
tion, typically appearing as a yellowish Surface colour, useful 
for visually inspecting the heat treated hard metal body or 
bodies and Sorting of the same. A Suitable temperature range 
for the heat treatment is between 1300 and 1700° C. and the 
time is suitably less than 4 hours. The partial pressure of the 
nitrogen containing gas, e.g. ammonia, N2, etc., in the furnace 
atmosphere may in one alternative be chosen from the range 
100 to 1100 mbar. As mentioned above it is, however, within 
the purview of the skilled artisan to determine a suitable 
combination of time, temperature and partial pressure of the 
at least one reactive gas component for the heat treatment 
step, for example by simple trial tests with reference bodies of 
know composition or by thermodynamic calculations. 

Thus, in one embodiment of the invention the reaction 
product at least partly constitutes the outermost surface of the 
heat treated one or more bodies that contains the element. 

In one embodiment the sorting operation (b) is based on a 
colour of the outermost surface of the one or more bodies. In 
this context it is an advantage if the colour is detectable by the 
naked eye allowing for a manual sorting operation or detect 
able by e.g. a visualisation system allowing for automatic 
Sorting. 

In one embodiment, the Sorting operation (b) is performed 
by visual inspection of the character of an outermost Surface 
portion of the one or more bodies. 

In another embodiment, the Sorting operation (b) is per 
formed by automated analysis of the character of the surface 
portion of the one or more bodies. 

In one embodiment, the hard metal body or bodies are 
uncoated prior to the heat treatment. 

In one embodiment, the hard metal body or bodies have a 
coating prior to the heat treatment. The coating may e.g. be a 
PACVD, CVD or PVD coating. Tests have shown that such a 
coating does not obstruct the formation of a reaction product. 
Instead a coating of e.g., TiN appear to initially dissolve 
during the heat treatment where after a reaction product may 
be formed e.g. as an outermost Surface of the hard metal. 

In the above mainly a sorting step sorting based on a 
reaction product of a distinguishable colour forming the out 
ermost surface of the hard metal has been discussed. How 
ever, as an alternative, the sorting step may be based on the 
composition or other specific properties of the reaction prod 
uct, Suitably using an automated Sorting system. 

It should be noted that the same gas atmosphere may give 
rise to different reaction products for different hard metal 
compositions, giving a possibility to sort a group of hard 
metal bodies of several hard metal grades, processed in the 
same single heat treatment step, into several different catego 
1S. 
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The method is suitable for sorting hard metal bodies of 
various types, sizes and shapes, for example inserts, such as 
inserts for cutting metal, wood, Stone, etc., drills, and wear 
parts. 

Example 1 

Partly coated and uncoated samples of two different sin 
tered hard metal compositions were Subjected to a treatment 
according to the invention. 
The hard metal compositions were according to Table 1, 

other elements on level of impurity. Before the heat treatment 
the hard metal of all the samples have a mid-grey colour. 

TABLE 1. 

Sample Composition Coating 

8. 10 Co, 0.5 Cr, balance WC (Tios Alo.2)N 
b 10 Co, 0.5 Cr, balance WC 
C 11 Co., 4 Nb, 1.5 Ta, 3 Ti; balance WC (Alo,Cros)N 
d 11 Co, 4 Nb, 1.5 Ta, 3 Ti; balance WC – 

The samples a-d were subjected to a heat treatment, 
wherein: 

Temperature: 1650° C. 
Time (at 1650° C.): 60 minutes 
Furnace atmosphere: atmospheric pressure, nitrogen atmo 

sphere of 
N, (flow 500 l/h) 

The results after the heat treatment can be seen in Table 2. 

TABLE 2 

Appearance of hard 
Sample metal Surface Comment 

8. Silver colour No traces of coating residues 
b Silver colour 
C Yellowish colour No traces of coating residues 
d Yellowish colour 

From Table 2 it can be concluded that the samples are 
clearly distinguishable from each other making a Subsequent 
sorting operation easy using, e.g., only the naked eye. Fur 
thermore, the process is effective in removing the hard and 
wear resistant coating initially present on the hard metal, 
which is a great advantage in Subsequent recycling steps such 
as for example a Zn-process. 

Example 2 

Partly coated Samples of the same two hard metal compo 
sitions as in Example 1 were Subjected to a treatment at 
different temperatures according to the invention. 

Before the heat treatment the hard metal of all the samples 
have a mid-grey colour. 

TABLE 3 

Sample Composition Coating 

e 10 Co, 0.5 Cr, balance WC (Tios Alo2)N 
f 11 Co., 4 Nb, 1.5 Ta, 3 Ti; balance WC (Alo,Cros)N 

The samples e and f were subjected to a heat treatment, 
wherein: 

Temperature: 1350° C., 1400° C., 1450° C., 1500° C., 
1550° C., respectively 
Time (at top temperature): 60 minutes 
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6 
Furnace atmosphere: atmospheric pressure, nitrogen atmo 

sphere of 
N, (flow 300 l/h) 

The results after the heat treatment can be seen in Table 4. 

TABLE 4 

Temperature, Appearance of hard 
Sample o C. metal Surface Comment 

e 1350 Mid-grey colour Coating residues 
e 1400 Mid-grey colour Some traces of coating 

residues 
e 1450 Mid-grey colour Minor traces of coating 

residues 
e 1SOO Silver colour No traces of coating residues 
e 1550 Silver colour No traces of coating residues 
f 1350 Yellowish colour No traces of coating residues 
f 1400 Yellowish colour No traces of coating residues 
f 1450 Yellowish colour No traces of coating residues 
f 1SOO Yellowish colour No traces of coating residues 
f 1550 Yellowish colour No traces of coating residues 

From Table 4 it can be concluded that the Samples are 
clearly distinguishable from each other when using a heat 
treatment temperature as low as 1350° C. making a subse 
quent Sorting operation easy. The example indicates that even 
lower temperatures may be used. Furthermore, the process is 
effective in removing the hard and wear resistant coating 
initially present on the hard metal. 

Example 3 

Uncoated samples of different sintered hard metal compo 
sitions were subjected to a treatment according to the inven 
tion. 
The hard metal compositions were according to Table 5, 

other elements on level of impurity. Before the heat treatment 
the hard metal of all the samples have a mid-grey colour. 

TABLE 5 

Sample Composition (wt-%) 

10 Co, 0.5 Cr, balance WC 
13.5 Co, 1.5 Cr, balance WC 
11 Co, 4 Nb, 1.5 Ta, 3 Ti; balance WC 
8 Co, balance WC 

The samples e and f were subjected to a heat treatment, 
wherein: 

Temperature: 1000° C. 
Time (at top temperature): 8 h 
Furnace atmosphere: atmospheric pressure, oxygen con 

taining atmosphere of 
H (flow 0.6 l/h), 
CO, (flow 0.066 l/h), 
CO (flow 1.9 1/h) 

The results after the heat treatment can be seen in Table 6. 

TABLE 6 

Appearance of 
Sample hard metal surface Comment 

Dark grey colour 
Near black colour 
Mid-grey colour 
Mid-grey colour 

No apparent colour change after heat treatment 
No apparent colour change after heat treatment 

From Table 6 it can be concluded that the chromium con 
taining samples are clearly distinguishable from both the 
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samples of pure WC Co as well as samples containing Ta, 
Nb and Ti in addition to WC Co, making a subsequent 
sorting operation easy. 
The invention claimed is: 
1. A method for Sorting hard metal comprising the steps of 
Subjecting one or more bodies of hard metal to a heat 

treatment at a temperature of 500° C. or higher in an 
atmosphere including at least one reactive gas compo 
nent; 

forming a reaction product wherein the reaction product 
comprises specific elements found in the one or more 
bodies and the at least one reactive gas component; and 

performing a sorting operation based on the character of 
the affected part of the one or more bodies the sorting 
based on a presence or absence of the reaction productin 
a surface portion of the heat treated one or more bodies. 

2. The method according to claim 1, wherein the at least 
one reactive gas component is oxygen. 

3. The method according to claim 1, wherein the at least 
one reactive gas component is nitrogen. 

4. The method according to claim 1, wherein a partial 
pressure of the at least one reactive gas component in the gas 
is 10 mbar or higher. 

5. The method according to claim 1, wherein the tempera 
ture is at least 900° C. 

6. The method according to claim 1, wherein the tempera 
ture is less than 2000° C. 
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7. The method according to claim 1, wherein the heat 

treatment step is conducted for a time of at least 30 minutes. 
8. The method according claim 1, wherein the hard metal is 

WC-based. 

9. The method according to claim 1, wherein said one or 
more bodies are heated from a temperature of below 200° C. 
up to the heat treatment temperature prior to the heat treat 
ment step. 

10. The method according to claim 1, wherein said element 
present in the one or more bodies is chromium. 

11. The method according to claim 1, wherein said element 
present in the one or more bodies is titanium. 

12. The method according to claim 1, wherein said reaction 
product at least partly constitutes the Surface portion of the 
heat treated one or more bodies containing said element. 

13. The method according to claim 1, wherein said sorting 
operation is performed by visual inspection of an outermost 
surface of the one or more bodies. 

14. The method according to claim 13, wherein said sorting 
operation is based on a color of the outermost surface of the 
one or more bodies. 

15. The method according to claim 1, wherein said sorting 
operation is performed by automated analysis of the Surface 
portion of the one or more bodies. 

k k k k k 


